As may be judged from recent reviews,1' 2 the tonoplast (the vacuolar membrane) and the ectoplast (the external cytoplasmic membrane, or plasmalemma) have received far less attention than the other cytoplasmic membrane systems-the endoplasmic reticulum and the dictyosomes, or Golgi bodies-and the various cell organelles. A definite membranous boundary between the cytoplasm and the vacuole is frequently identifiable in electron micrographs and, since it occupies the position where the vacuolar membrane is expected to be, the bounding membrane is generally interpreted as the tonoplast.' This paper deals with such a membrane, and the latter is referred to as the tonoplast.
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Investigators of phloem search for evidence useful in answering the question as to whether a tonoplast exists in the mature sieve element. This question, as mentioned before,3 is a critical part of a larger one regarding the role of the sieveelement protoplast in translocation of organic solutes. In the following we examine the published conclusions on the tonoplast in sieve elements based on electron-microscope studies and supply a series of electron micrographs comparing the tonoplasts of sieve elements with those of nucleate cells in the phloem of Cucurbita maxima Duchesne. The material was prepared for electron microscopy according to one of the methods outlined in a previous paper:3 killing a 4-inch-long petiole in situ on the plant by injection of a 4 per cent solution of potassium permanganate into its central cavity, excising relevant parts, dehydrating with ethyl alcohol, and embedding in methacrylate.
Critique of Literature and New Observations.-The meager information on the ultrastructure of the tonoplast' suggests that this membrane may be single or double, 70 to 100 A in thickness. In certain orientations it is said to resemble a ribbon. Statements that the tonoplast gives the impression-of being continuous around the vacuole;' that some observations suggest lack of continuity,' and that the tonoplast may be ruptured in fixation 2 indicate considerable uncertainty about the integrity of the tonoplast as revealed by electron microscopy. In our preparations the tonoplast often showed discontinuities; some of these appeared as ruptures (Figs. 1 and 2) when compared with the normal discontinuities in the nuclear envelope (Fig. 2) . Whether or not the tonoplast is continuous with the endoplasmic reticulum is also an unsettled matter, although most observations suggest a complete independence of the vacuolar membrane. ' The effects of treatment for electron microscopy upon the preservation and appearance of the tonoplast have not been thoroughly investigated. The preservation and subsequent resolution of vacuolar contents of young cells seem to differ in relation to both concentration and temperature of fixative ;2 similar information regarding the tonoplast is apparently lacking.
Despite the general inadequacy of information on the ultrastructure of the tonoplast, investigators dealing with phloem speak with considerable degree of certainty about the presence or absence of tonoplast in a mature sieve element as seen with the electron microscope. As was mentioned in our previous paper on ultrastructure of the sieve element,3 authors agree that the deeply staining accumulations on the sieve plate, which they regard as cytoplasm, are not bounded by a tonoplast. We do not refute this conclusion but suggest that the accumulations themselves result, at least in part, from a displacement of vacuolar contents-they may consist largely of the reaggregated slime that was previously dispersed in the vacuole--and therefore they would not be bounded by a tonoplast even if one were normally present. Thus, it would appear that statements regarding the tonoplast at the sieve plate have no value without a complete identification of the stainable accumulations on the sieve plate. We have succeeded in obtaining preparations of sieve plates free of accumulations. In these, the sieve plate and its pores were lined with a thin layer of cytoplasm apparently having an ectoplast but no tonoplast (cf. Figs. 9 and 10, in ref. 3) .
In view of the problematical nature of the material seen as accumulations on the sieve plate in most electron micrographs published, it is important to know what the authors find along the side walls of the sieve element. References to the tonoplast in this position are scanty and reflect the concepts of translocation subscribed to by the authors. Ziegler,4 a proponent of the mass-flow concept, reported having found no tonoplast at all in mature sieve elements. Schumacher and Kollmann, defenders of the concept of molecular movement in the phloem, saw bits of membranes where a tonoplast would be expected to occur and concluded that the delimitation of the parietal cytoplasm from the central vacuole was demonstrated or, at least, that it was demonstrated in many places. 6 We found the tonoplast to be inconstant in appearance in our preparations, particularly in the highly vacuolated parenchyma cells. Similar lack of constancy is noted in the published electron micrographs.7, 8 Even in meristematic cells having small sharply delimited vacuoles, the bounding membrane is not equally clear around the periphery of a single vacuole, or is completely indiscernible in places.2 An additional difficulty is the common presence of precipitates in vacuoles of tissues prepared for electron microscopy.2 This feature reduces the distinctness between the vacuole and the ground mass of cytoplasm, especially in highly vacuolated cells (Fig. 1) .
Figures 1-3 exemplify tonoplasts of parenchyma cells in Cucurbita. In Figure 1 the fixation appears unsatisfactory; nevertheless, a sharp boundary membrane delimits the vacuole. Figure 4 may be assumed to indicate poor preservation of tonoplasts. We have seen also ribbon-like tonoplasts (e.g., for sieve element in Fig. 7 ) and interpreted this form as resulting from tilting of somewhat thick sections. (Fig 2) illustrating tonoplasts Fig 1, X 18,900, Fig. 2, X Fig. 7 and the companion cell in Fig. 8, but In the enucleate sieve element, highly sensitive to manipulations, the preservation of the tonoplast may be even more uncertain. Our studies indicate that the developmental approach may yield valuable information regarding this subject.
As was shown in our paper on ultrastructure of the sieve plate (Fig. 6 in ref. 3) , a young sieve element has a relatively dense cytoplasm containing well differentiated membrane systems, organelles (mainly mitochondria), and slime bodies. The vacuole is easily distinguishable from the wide parietal mass of cytoplasm. When slime formation is in the incipient stage (Fig. 5) and later when the slime bodies are discernible (Fig. 6 ) and finally sharply delimited (Fig. 7) , the tonoplast may be identified. It appears to be as variable in discreteness as the tonoplast in other phloem cells but it may be as well preserved as the other membrane systems and the organelles that abound in young sieve elements (Figs. 5-7) . Maturation involves the breakdown of the nucleus, the dispersal of the slime, and a perceptible modification of the endoplasmic reticulum, the dictyosomes, and the mitochondria. It seems that the cytoplasmic membrane systems and the organelles become more or less disorganized and are reduced to vesicular particles closely appressed to the wall (Figs. 3, 9 , and 10) but separated from the latter by a continuous layer, presumably the ectoplast (cf. Fig. 9 in ref. 3). The disorganization of the cytoplasmic structures and the slime bodies is initiated in the presence of the tonoplast (Fig. 8) . Later, at maturity, no tonoplast is discernible (Figs. 3 and 10) . At this stage the tonoplast-deficient sieve element is well differentiated from neighboring nucleate cells with tonoplasts (Figs. 3 and 10) . The sieve elements may or may not contain precipitates in the vacuole (Figs. 3, 9 , and 10); similar variability is encountered in vacuoles of parenchyma cells (Figs. 3 and 4) .
Conclusion.-The tonoplast has received relatively little attention in studies on the ultrastructure of plant cells. Published reports and our studies indicate that preservation of the tonoplast must be carefully investigated, especially in sieve elements because their mature protoplasts are so easily injured. Our comparison of young and old sieve elements of Cucurbita supports the concept that during nuclear disintegration the organelles, the cytoplasmic membrane systems, and the tonoplast become more or less disorganized. The ectoplast and the remnants of the other cytoplasmic structures appear to constitute the characteristically thin parietal cytoplasmic layer in a mature sieve element. This study stresses the importance of the ontogenetic approach in the study of the tonoplast, particularly in such a highly specialized cell as the sieve element.
The study was supported in part by the National Science Foundation Grant G-14424 and the U.S. Public Health Service Grant R. G. 5868. We also acknowledge the efficient technical assistance of Mr. Edward B. Risley.
1 Mercer, F., Ann. Rev. Plant Physiol., 11, 1 (1960). 
